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Plasma-membrane glutamate trans-
porters move the main excitatory
neurotransmitter in the mammalian
brain, glutamate, across the membrane
against its concentration gradient.
This uphill transport is achieved by
coupling transmembrane glutamate
movement to the cotransport of three
Naþ ions down their own concentra-
tion gradient. In addition, one potas-
sium ion is countertransported.
Early electrophysiological analysis
after cloning revealed that currents
mediated by these transporters could
not be explained by Naþ/Kþ-coupled,
active glutamate transport only. How-
ever, the reversal potential observed
in glutamate transporter-express-
ing Xenopus oocytes varied with the
concentration of extracellular chlo-
ride, and was sensitive to the nature
of the anion, leading to the dis-
covery of the dual function as both
glutamate transporters and anion
channels (1).
Our contemporary understanding of
the anion conductance is limited to
the functional properties. It is known
that a leak anion conductance can be
mediated in the absence of glutamate
(but presence of Naþ). However, appli-
cation of the substrate, glutamate,
results in a much larger anion conduc-
tance, which also requires bound Naþ
(2). In addition, it was found that
the kinetics of anion conductance
activation mimic the kinetics of Naþ-http://dx.doi.org/10.1016/j.bpj.2014.06.027
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ing that transport and anion flux are
kinetically linked (1,2).
Despite the large number of reports
on anion-conducting properties of
mutant glutamate transporters, no clear
picture of the structural basis of anion
permeation has emerged. To our
knowledge, the report by Cater et al.
(3) in this issue of Biophysical Journal
is the first that provides direct evi-
dence for a structural mechanism, in
which anion permeation takes place
at the domain interface between what
is known as the transport domain
(Fig. 1, red) and the trimerization
domain (Fig. 1, green). From structural
data it is known that the trimerization
domain functions as a stationary scaf-
fold, relative to which the transport
domain moves in an elevator-like
fashion to enable alternating access
for the substrate and co-/countertrans-
ported ions (4).
In their elegant work, Cater et al. (3)
have taken advantage of previous work
in their own group (5), as well as
a recently published crystal structure
of an archaeal glutamate transporter
homolog, GltPh, in which one of
the subunits is found in an intermedi-
ate conformation (iOFS), in-between
fully outward-facing (OFS) and in-
ward-facing (IFS) states (6). GltPh
also conducts chloride (7). In the
GltPh structure, water permeation is
observed at the interface between the
transport and trimerization domains.
In this report, Cater et al. mutated
some of the amino-acid residues pre-
dicted to line this aqueous cavity,
followed by functional analysis. Inter-
estingly, the kinetics of substrate
transport were not altered significantly
by most of the mutations. However,
striking effects on anion permeation
properties for both the glutamate-
dependent and leak-anion conductance
were observed.
When the authors mapped the
location of the mutations that affect
anion conductance onto the GltPh
crystal structures, the best match was
observed in a configuration that is in-between iOFS and IFS. A hypothe-
sized mechanism is shown in Fig. 1.
The work presented by Cater
et al. (3) in this issue is intriguing,
because it allows us to reconcile func-
tional studies with existing structural
models, to obtain a clearer picture of
a glutamate transporter-anion conduc-
tance mechanism. In traditional ion
channels, ion-conducting, open states
(O) are often in equilibrium with
nonconducting, closed states (C). The
probability of an ion channel to be
open (Po, which can vary between
0 and 1) can be thermodynamically
defined by the equilibrium constant
that describes the reversible equilib-
rium between the open and closed
states (C # O). In contrast, the
open probability of the anion-con-
ducting state in glutamate transporters
would be kinetically defined by direc-
tional transitions through the transport
cycle, under physiological conditions
in the forward direction, which are
far from equilibrium. Here, the anion
conductance is activated transiently
with each pass through the cycle,
whenever the conducting state indi-
cated by the red box in Fig. 1 is popu-
lated. Thus, Po would be dependent
on the kinetic rate constants, ki, that
describe the various nonequilibrium
transitions in the transport cycle
in the forward direction (Fig. 1).
Due to these mechanistic differences,
functional parameters of traditional
ion channels such as gating kinetics,
open probability, and single-chan-
nel conductance are harder to define
experimentally for the glutamate
transporters.
Dual channel/transport behavior is
not unique to glutamate transporters
and has been found in other trans-
porters of various superfamilies (8,9).
Therefore, the work by Cater et al.
(3) is important because the newly
developed concepts may be applicable
to other Naþ-driven transport systems.
From the mechanistic point of view,
FIGURE 1 Hypothesized transport cycle. The structure of the anion-conducting state (red box) is un-
known, but may structurally resemble an intermediate (iOFS) between OFS and IFS. To see this figure
in color, go online.
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esting targets for future research,
because it appears that channel func-
tionality can be based on novel struc-
tural and functional paradigms thatexpand the traditional view of ion
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